Norway spruce forests decline in the Beskids raises concerns about reduction of genetic variation in a next generation of forest. We aim to determine whether the genetic diversity in declining spruce stands was successfully transmitted to its self-seeded progeny. Using three nuclear microsatellite markers, we carried out the genetic assessment of naturally regenerated progeny and compered them with their maternal stands at an initial stage of decline. We investigated three spruce stands from the Śląski and Z · ywiecki Beskid and one primeval forest from the Tatras, as a reference. We noticed a high level of gene diversity, allelic richness and an effective number of alleles in progeny of all stands, without differences between declining stands from the Beskids and the primeval forest. The gene diversity was similar in maternal trees and their offspring. Higher gene diversity and generally higher number of alleles were noticed in young generation of stands. Genetic identity between generations was high in analyzed seed stands and the highest in the primeval forest. The results we presented indicate no significant effect of drastic reduction in the population size due to the forest decline on the level of genetic variation in self-seeded progeny of Norway spruce from the Beskids.
Introduction
Forest decline, as defined by CIESLA and DONAUBAUER (1994) , is an episodic event characterized by premature, progressive loss of tree and stand vigour and health over a given period without obvious evidence of a single clearly identifiable casual factor. A decline has occurred in a number of tree species, simultaneously in different parts of the world (e.g. SCHULZE and FREER-SMITH, 1990; UNIYAL and UNIYAL, 2009 ). In Europe, Picea abies (L.) Karst. decline has been reported from Germany, Austria, Poland, the Czech Republic and Slovakia (HLÁSNY and TURCÁNI, 2013) . Artificial Norway spruce forests in the Beskids mountain range, straddling the borders of Slovakia, Poland and the Czech Republic, are among the most heavily damaged (HLÁSNY and SITKOVA, 2010) . The death of spruce trees and stands occurs on vast continuous areas of the Beskids and leads to their deforestation (GRODZKI, 2010) .
From a genetic perspective, forest decline means reduction of a population size, which can lead to decrease of genetic diversity in a next generation (LEIMU et al., 2006) . Limited number of parent trees may promote selfing and biparental inbreeding among relatives leading to increased homozygosity in progeny generation. Additionally, some alleles, especially those occurring at a low frequency, can be lost by random genetic drift. Decline can also affect the gene flow and the mating system in a population by reduced stand density (FINKELDEY, 2002) and forest fragmentation (WHITE et al., 2002) .
In this context concerns arise that just a part of gene pool of declining Norway spruce will be represented in naturally regenerated forests. Besides theoretical concepts, there is no empirical data on what extent forest decline shapes the genetic structures of a young generation of spruce from self-seeding. In fact, maintenance of high genetic diversity in progeny of declining stands will be crucial to fitness and adaptability of future forests.
Here we analyze genetic diversity in naturally regenerated progeny of declining spruce stands in the Beskids. Using nuclear microsatellite markers, we carried out the genetic assessment (sensu SCHWARTZ et al., 2006) of self-seeded progeny and compered them with their mater-1 nal stands at the initial stage of decline. We aim to determine whether the genetic variability in maternal trees was transmitted to progeny despite the forest decline. Moreover, we conducted analogical two-generations analysis of genetic diversity in a primeval spruce forest with no visible signs of decline. We hypothesized that transfer of genetic variability did not differ between populations from the Beskids and primeval forest. Otherwise, differences would be consequence of forest decline.
Materials and Methods

Study site and sampling
Research was conducted in Polish part of the Beskid Mountain Range (Beskid Śląski and Z · ywiecki) in the Western Carpathians ( Figure   1 ). Four Norway spruce stands with natural regeneration were analyzed, including three stands from the Beskids (Bukowiec, Zapowiedź, Skrzyczne) and one from the Tatra National Park (Wantule). The Beskid stands represented the most valuable provenances of Norway spruce in a whole range of the species (the Istebna provenance), some of them excluded from forest utilization as selected seed stands ( Table 1) . They were even-aged, pure spruce stands, artificially established in a place of primeval mixed forests with Silver fir, Common beech and Norway spruce. In 2010 these stands presented different stages of decline (see crown closure; Table 1 ). A stand from the Tatras was primeval spruce forest located in strict protection area. It was characterized by wide range of tree ages, both in maternal part of population and its progeny, with no visible signs of forest decline.
In each stand sets of 50 old (mature cohort) and 50 young (juvenile cohort) trees were sampled for genetic analysis. The old trees were sampled as putative mother trees, randomly at distance of 30-40 m. The young trees were about 0,5 m high seedlings randomly chosen from naturally regenerated seedling patches. Sampling of mature cohort was done in the years 2007-2008 from trees without apparent symptoms of decline. Sampling of juvenile cohort was done in 2010.
Microsatellite analysis
Total DNA was extracted from frozen needles using the DNeasy ® Plant Mini Kit (QIAGEN). Three highly polymorphic nuclear microsatellite loci were chosen for this study: SpAG2, SpAC1H8, SpAGD1 (PFEIFFER et al., 1997) . For PCR amplification some modifications of procedures in PFEIFFER et al. (1997) and YAZDANI et al. (2003) were adapted, as described below. Each reaction contained 0.15 µM (SpAG2, 
Statistical analysis
The following statistical measures of genetic variation within populations were computed as average over loci with PopGen 1.31 (YEH et al., 1999) : an effective number of alleles, A E ; observed heterozygosity, H O ; Nei's (1973) (FISHER, 1934) in SPSS Statistics 17.0 (MEHTA and PATEL, 2010) . Genetic differentiation among mature and juvenile cohorts of each stand was measured by fixation index F ST (WRIGHT, 1978 ) and Nei's (1978) genetic identity I and genetic distance D N with PopGen 1.31 (YEH et al., 1999) .
Results
Allele frequency
Among highly polymorphic microsatellite markers selected for this study, the most polymorphic was locus SpAGD1 (70 alleles per 4 population), while the least polymorphic was locus SpAG2 (25 alleles per 4 population). There was different pattern in similarity of allele frequency distribution between maternal trees and its progeny in the spruce stands from the Beskids, and primeval forest of Wantule. In primeval population none of three loci showed significant differences between generations, while in each investigated stand from the Beskids significant differences were recorded for two loci (Table 3) . In all studied stands changes in gene pool composition between mature and juvenile cohort were noticed. Several alleles, mainly those with low frequency, were found in maternal part of population but were not present in progeny and vice versa. In general, total number of alleles (Table 2) , as well as effective number of alleles (A E , Table 4 ) was higher in progeny than in maternal trees. The only exception was forest stand in Zapowiedź with higher number of alleles in maternal generation. The slightest differences in number of alleles between mature and juvenile cohort were noticed in the primeval forest Wantule (4 alleles as regards total number of alleles per 3 loci; 0,588 as regards effective number of alleles A E per 3 loci).
Genetic variation
High and similar level of genetic variation was observed in all analyzed populations, irrespective of level of forest naturalness. A summary of genetic variation measures per 3 loci is shown in Table 4 . Mean allelic richness (AR) ranged from 22.90 (ZP) to 25.63 (ZM). In com- In all analyzed stands, gene diversity was slightly higher in juvenile than in mature cohort. The biggest difference in gene diversity between generations occurred in the Skrzyczne forest stand (5%).
Observed heterozygosity (H o ) was lower than expected heterozygosity (gene diversity, D) in both mature and juvenile cohorts of all analyzed stands. Significant value of inbreeding coefficient (F IS ) was noticed in two generations of stands in Zapowiedź and Wantule, as well as progeny of Bukowiec (Table 4) . Heterozygote deficiency was higher in juvenile (22%) than mature cohort (15%) of Zapowiedź. Inversely in Wantule -maternal generation (22%) revealed twice higher heterozygote deficiency than progeny (11%). The lowest value of heterozygote deficiency was noticed in progeny of forest stand in Skrzyczne (4%).
Genetic differentiation and gene flow
High genetic similarity was found between generations of forest stands in Bukowiec, Zapowiedź and Wantule. Low value of genetic distance (D N ) and fixation index (F ST ) between mature and juvenile cohort were noticed in these three stands ( Table 5 ). The highest genetic identity (I) between generations was noticed in the primeval forest -Wantule (93%). Slightly lower values of identity occurred in selected seed stands in Bukowiec (86%) and Zapowiedź (82%). The highest genetic distance (D N = 81%, Table 5 ) and the lowest genetic identity (I = 46%) between mature and juvenile cohort occurred in managed stand in Skrzyczne. The highest fixation index (F ST = 3,2%), few times higher than in the rest of analysed stands, was also noticed in Skrzyczne.
Discussion
The results we obtained in this study show that genetic variation of declining spruce stands in the Beskids was successfully conserved in self-seeded progeny of these stands. We noticed a high level of gene diversity (D), observed heterozygosity (H O ), allelic richness (AR) and a high effective number of alleles (A E ) in naturally regenerated progeny of all analysed stands, without any differences between progeny of declining spruce stands from the Beskids (HAMRICK et al., 1992) . According to HAMRICK (2004) , specific features of forest trees, such as longevity, dominance of cross-fertilization, high fecundity and effective gene flow through pollen and seeds are responsible for maintenance of high genetic variation in declining forest trees populations, even in case of drastic reduction in the population size. No significant changes were also found in the natural genetic variation of tropical tree species Cordia africana, despite a sharp reduction in species occurrence as a result of deforestation, forest fragmentation and selective logging (DERERO et al., 2011) .
Gene diversity (D) of the analysed stands was similar in maternal trees and their progeny, (2013) found relatively similar levels of genetic variation between three age classes (4-10 years old; 11-100 years old, and 100 years old) of naturally regenerating spruce population in Bial ⁄ owiez · a Primeval Forest, Poland. Very slight differences in the level of heterozygosity were also noticed between mature Norway spruce stands and seed lots originating from these stands (KONNERT, 2009; NASCIMENTO et al., 2010) . Furthermore, little differentiation occurred among spruce populations and among pollen allele frequencies of single seed tree within populations (FINKELDEY, 1995) . Comparable diversity of a mature tree and its self-seeded progeny gene pools was found also in Scots pine (Pinus sylvestris; KOSINSKA et al., 2007; NOWAKOWSKA et al., 2014b) , Douglas fir (Pseudotsuga menziesii; ADAMS et al., 1998) , white spruce (Picea glauca; RAJORA, 1999), Dragon spruce (Picea asperata; WANG et al., 2010), common beech (Fagus sylvatica; KONNERT, 2010; SUL ⁄ KOWSKA and NOWAKOWSKA, 2011) and oaks (Q. petraea and Q. robur; CHYBICKI and BURCZYK, 2010; DERING and CHYBICKI, 2012; NOWAKOWSKA et al., 2014a) . In this context, we can conclude that conservation status of gene pool of declining spruce stands from the Beskids in the next generation from self-seeding does not differ from that described for other spruce stands as well as naturally regenerating stands of other mentioned species.
In the presented study, we noticed higher gene diversity (D) and higher number of alleles (except forest stand in Zapowiedź) in young generation of the analysed stands, indicating that pollination probably involved also trees from outside the investigated population. The biggest difference in gene diversity between mature and juvenile cohort occurred in Skrzyczne (5%). Low genetic identity (44.5%) between generations, as well as low inbreeding coefficient in progeny of Skrzyczne (F IS = 0.043), also indicates considerable contribution of spruce trees from outside the local population to reproduction of this stand. Intensive, longdistance gene flow is characteristic of spruce, in which transport of both pollen and seeds is held by wind. In case of Skrzyczne an external pollen flow could be further promoted by the process of spruce decline, significantly advanced in this stand. During the sampling of progeny, the maternal part of population was represented only by thin strip of old trees, while offspring occurred mostly on the adjacent open area. Compared with continuous forest, the gene flow in open landscape due to the forest fragmentation can be intensified by increase in the frequency of long-distance pollen movement (WHITE et al., 2002) . In forest trees it was observed, that immigration of pollen and seeds from outside the local population prevents reduction of genetic variability in next generation, even if a significant reduction in number of maternal trees occurred (LOWE et al., 2005; KRAMER et al., 2008; BACLES and JUMP, 2011) . In case of Norway spruce in the Beskids, it can be also hypothesized that the potential effects of genetic drift and inbreeding resulting from forest decline were counterbalanced by predominantly outcrossing mating system and a high gene flow from the residual and surrounding trees.
The gene pool enrichment of the Skrzyczne progeny generation, due to the immigration of pollen and seeds from outside the local population, should be seen as an advantageous phenomenon with regard to the demand for maintaining the highest genetic variation in forest trees populations. The positive result of an external gene flow could be the lowest heterozygote deficiency among all studied stands noticed in offspring of Skrzyczne (4%). On the other hand, the intensive gene flow from adjacent forest stands causes the gene pools of mature and juvenile cohort, characterized by specific alleles and genotypes frequencies, are quite distinct from each other. The highest genetic distance between mother stand and its progeny was noticed in Skrzyczne (D N = 0,810), as well as genetic divergence several times higher than in the rest of the analysed stands (F ST = 0,032; while: Bukowiec F ST = 0,008; Zapowiedź F ST = 0,010; Wantule F ST = 0,006). Chomicz-Zegar et. al.·Silvae Genetica (2015) In Skrzyczne, natural regeneration reflects only 45% of mother stand gene pool. Gene flow from neighbouring stands causes gene pools of mature and juvenile cohorts are not identical also in the rest of investigated stands. However, genetic identity between generations in analyzed seed stands, was very high (Bukoweic 86%, Zapowiedź 82%) and the most genetically similar was mother stand and its natural regeneration in the primeval forest (Wantule, 93%). Observed genetic similarity between generations in the studied seed stands allows to expect that beneficial features of the elite spruce provenance Istebna have been largely transmitted to the offspring. (SAVOLAINEN and KÄRKKÄINEN, 1992; FINKELDAY and ZIEHE, 2004) , as Skrzyczne was the only managed stand among all analysed. It should be noted, however, that no convincing evidence of negative impact of forest management on population genetic diversity of forest trees has been found so far (KRAKOWSKI and EL-KASSABY, 2004; KON-NERT, 2010; FAGERIA and RAJORA, 2013) .
On the contrary, some authors suggest the mating system in unmanaged forests can be characterized by inbreeding resulted from more frequent mating between relatives (NEALE and ADAMS, 1985; LEDIG, 1992) . WANG et al. (2010) observed the genetic diversity of naturally regenerated Dragon spruce (Picea asperata) was significantly lower in the primeval, more than 300 year old forest, than in managed stands. In beech forests (Fagus sylvatica) BUITEVELD et al. (2007) noticed that inbreeding was slightly but significantly higher in the limited-managed stands than in the stands with high management intensity. Likewise in the present study, inbreeding coefficient (F IS ) of two generations of spruce in the primeval forest Wantule (WM 0,217; WP 0,109) was significantly different from zero, and higher than in majority of spruce populations from the Beskids (BM 0,088; BP 0,114; SM 0,100; SP 0,043). Taking into account, the largest amounts of spruce seeds are produced through cross-fertilization (BURCZYK et al., 2004) , the observed inbreeding is likely to be the result of mating between relatives within the population. Among the analyzed stands the lowest genetic distance (D N = 0,077) and genetic divergence (F ST = 0,006) between two generations also indicate a small proportion of genes from outside the local population in the genetic pool of young generation of Wantule. Moreover, Wantule was the only stand in which allele frequency distribution in mature and juvenile cohort did not differ significantly from each other in all analysed microsatellite loci. The question remains whether potentially more frequent mating between relatives is connected with protection status of Wantule (strict nature reserve) or rather with its location in the upper mountain zone characterized by extreme environmental conditions. Difficulties with flowering caused by low temperatures and short growing season as well as spatial isolation of population due to specific terrain configuration can result in limitation the amount of pollen available for cross-fertilization. A slight excess of homozygous genotypes at high altitude populations of forest trees was also observed in European larch (Larix decidua) and Stone pine (Pinus cembra) from the Alps (LEWANDOWSKI and BURCZYK, 2000) .
Ultimate objective of our study was to quantify short-term consequences of forest decline for the genetic variation of Norway spruce in the next generation. The results we presented indicate no significant effect of drastic reduction in the population size due to the disastrous Norway spruce dieback on transfer of genetic diversity between two generations of spruce forest stand in the Beskids. It is possible that sowing occurred in the initial phase of forest decline, so that most of the trees forming a parental part of population took part in the reproduction process. On the other hand, the potential loss of genetic diversity can be compensated by the gene flow between adjacent forest stands, intensified due to reduction of stands density and forest fragmentation. It is worth noting, however, that presented analysis concerns a mother stand and a natural regeneration only in juvenile phase, while some changes in genetic structure of population can be detected only in a long term perspective (LEDIG, 1992; BACLES and Chomicz-Zegar et. al.·Silvae Genetica (2015) 64-5/6, 270-278 DOI:10.1515/sg-2015-0025 edited by Thünen Institute of Forest Genetics JUMP, 2011). In this connection, genetic structure of natural regeneration in older age as well as in future generations should be monitored. Further research on genetic variation and mating system in primeval forests, excluded from any management activities, are also needed.
